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Abstract 
This project applied the mechanical and chemical characteristics of Microcontact printing 
to adapt the current printing process at NTB to pattern adhesive and conductive epoxies on non-
standard substrates. The process development focused on implementing new methods and 
process parameters to produce a thin and uniform layer of epoxy. To ensure a reproducible and 
optimal printing process, a series of printing trials were conducted and the final printed adhesives 
were characterized.  
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Executive Summary 
The concept of microcontact printing (µCP) is a method of transferring an “ink pattern” 
on an elastomeric stamp with relief features onto a substrate (Ruiz and Chen, 2007). This method 
was introduced by the Whitesides group in 1993 and used to pattern gold. As technology 
developed, microcontact printing has been widely used to transfer multiple “inks” such as water, 
salt, organic solvents, metals, polymers, DNA, proteins and cells. This process can provide a 
simple and low-cost surface patterning methodology with high versatility and sub-micrometer 
accuracy (Perl et al, 2009 and Xia et al, 1998). 
Interstate University of Applied Sciences of Technology Buchs (NTB) partnered with the 
Major Qualifying Project (MQP) group from Worcester Polytechnic Institute (WPI) to develop 
and optimize the process parameters needed to modify the microcontact printing process for the 
use of adhesive and conductive inks on both glass and PMMA substrates. The project was 
focused on an adhesive epoxy (EPO-TEK 302-3M) and a conductive epoxy (EPO-TEK H20E-
PFC) as “inks” to be printed on glass and PMMA substrates. In order to accomplish this goal, the 
following objectives were identified:  
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Process Development 
The following table provides an overview of the steps taken during process development. 
Each step includes the methods used and the end results. 
Process 
Development  
Method Results 
Stamp 
Fabrication 
A pre-made master was 
used to fabricate PDMS 
stamps through a standard 
process 
Lateral Dimensions: 
Minimum Percent Error: 0.20% 
Maximum Percent Error: 2.51% 
Functionalization 
A barrel asher was used to 
perform an oxygen plasma 
treatment 
The PDMS stamp should 
be functionalized every 80 
minutes 
PMMA and glass do not 
require functionalization 
Spin Coating - 
EPO-TEK 302-
3M 
A series of trials were 
performed to determine the 
relationship among rotation 
time, speed, and resulting 
surface area. The thickness 
of ink pad was measured 
and analyzed. 
As rotation time or speed 
increases, the resulting 
surface area increases 
The thickness of the ink 
pad has a linear 
relationship with respect 
to time 
Ink Pad Thickness: 
8.8µm - 11.8µm  
Coefficient of Variation: 
0.18% - 0.42% 
Maximum Wait Time: 
15 minutes 
Doctor Blading - 
EPO-TEK H20E-
PFC 
Two designs were trialed. 
The final design increased 
reproducibility by 
incorporating a built-in 
blade and sliding stage 
Ink Pad Thickness: 
2.695µm - 3.395µm 
Micrometer Screw Value:  
18µm 
LabVIEW Trials  
Used NTB’s stamping tool 
and LabVIEW program to 
determine a force and 
approach distance for the 
glass plate, PMMA, glass 
substrate, and silicon wafer 
Inking Approach 
Distance: 
PMMA/Glass Plate: 
23mm 
Glass/Silicon Wafer: 
24.55mm 
Inking Process: 
PMMA - Force: 0.85N; 
Time: 20s 
Silicon Wafer - Force: 
0.4N; Time: 20s 
Print Approach Distance: 
PMMA: 23 mm 
Printing of EPO-TEK 302-
3M: 
Glass Substrate: 
Force 1: 0.2N; Time 1: 20s 
Force 2: 0.1N; Time 2: 20s 
PMMA Substrate: 
Force 1: 0.2N; Time 1: 20s 
Force 2: 0.1N; Time 2: 20s 
Printing of EPO-TEK H20E-
PFC: 
Glass Substrate: 
Force 1: 0.65N; Time 1: 20s 
Force 2: 0.45N; Time 2: 20s 
PMMA Substrate: 
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Glass Substrate:  
24.55 mm 
Force 1: 0.85N; Time 1: 20s 
Force 2: 0.65N; Time 2: 20s 
 
Final Prints 
Lateral dimensions of the 
final prints were measured 
with an optical microscope 
and compared to the master 
& stamps 
Some measurements were in tolerance and comparable to 
the master 
Ones not in tolerance were due to the full pattern not 
printing on the substrate 
Shear Tests 
The shear tester uses a 
piezo sensor to measure a 
change in voltage, which 
can then be converted into a 
measurement of applied 
force 
Calculated Shear Strength: 
Conductive Epoxy: 
Average: 572.703 g 
Std. Dev: 142.561 g 
Calculated Shear Strength: 
Adhesive Epoxy: 
Average: 417.816 g 
Std. Dev: 490.736 g 
Resistivity Tests 
Conducted through the use 
of a voltage generator and a 
multi-meter. An electric 
current was sent through 
two opposing corners of the 
frame, providing the 
resistivity of the stamp 
frames 
Measured Surface 
Resistance: 
Average: 16.7 MΩ 
Std. Dev: 25.1 MΩ 
Calculated Resistivity: 
Average: 3284.16 Ω-cm 
Std. Dev: 3182.38 Ω-cm 
   
Future Recommendations 
Recommendation Description 
Microscope Slide and 
Stamp Adhesion 
The microscope slide and stamp can be glued together to prevent the stamp 
from falling off of the slide during inking and printing. Gluing can also aid in 
preventing any residual contaminants from being trapped. 
Master Reproducibility 
When changing masters, PDMS can become trapped around the master. 
There is a high possibility of damaging the mold when the master is changed. 
An alternative mold tool can help to avoid damage. 
Consistency in the 
Inking Process 
Since the thicknesses of the substrates and silicon wafer aren’t equal, 
multiple approach distances have to be used. This means that after inking, 
the approach distance must be altered. As a result, the rate of production is 
lowered. This can be resolved by maintaining consistent thicknesses of 
substrates and wafer. 
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Hardware Additions to 
the NTB Printing Tool 
To better control the angle between the stamp and substrate 
surface, three lasers can be attached to the stamp holder and a 
mirror can be attached to the substrate platform. When they are 
parallel, the lasers reflect back to their points of origin. When 
they are not aligned, the lasers reflect back at an angle. 
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1.0 Introduction 
The concept of microcontact printing (µCP) was introduced by the Whitesides group in 
1993, as a method of transferring an “ink pattern” on an elastomeric stamp with relief features 
onto a substrate (Ruiz and Chen, 2007). This method was originally used to pattern gold. As 
technology developed, microcontact printing has been widely used to transfer multiple “inks” 
such as water, salt, organic solvents, metals, polymers, DNA, proteins and cells. This process can 
provide a simple and low-cost surface patterning methodology with high versatility and sub-
micrometer accuracy (Perl et al, 2009).  
Our team partnered with the Interstate University of Applied Sciences of Technology 
Buchs (NTB) to investigate extended applications of microcontact printing by optimizing NTB’s 
microcontact printing process to print small frames of adhesives for optical component 
mounting. NTB has a particular interest in using the adhesives in fiber optics and extending 
optical pathways. Optimization methods are needed for the current printing process to avoid glue 
entering the optical path while maintaining the adhesive and conductive qualities of the epoxies. 
In addition, NTB is seeking to move towards further miniaturization of applying conductive and 
adhesive epoxies. Possible applications include flip chip packaging in memory devices, smart-
cards and medical devices for mounting electrical components with conductive epoxy, and 
semiconductor, optical and medical use for mounting optical components with adhesive inks 
(Epoxy Technology, 2015).  
The goal of this Major Qualifying Project (MQP) was to develop and optimize the 
process parameters needed to adapt the microcontact printing process to the use of adhesive and 
conductive inks on both glass and PMMA substrates. Glass is a standard substrate used in optical 
17 
  
components. PMMA is a plastic substrate to prepare for further research in the field of 
microcontact printing. In order to accomplish this goal, the team has identified the following 
objectives:  
1. Fabricate stamps with predefined geometries and functionalize substrate surfaces using 
established processes 
2. Develop methods to create an ink pad for coating the stamp with adhesive and conductive 
ink 
3. Design new fixtures for the microcontact tool to ensure reproducibility 
4. Perform a series of stamping trials to determine an optimal and reproducible process 
5. Characterize printed structures of adhesives 
6. Record reproducible procedures for a variety of substrate and ink combinations 
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2.0 Background 
2.1 Microcontact Printing  
 Microfabrication has become increasingly common in modern technology as a means of 
producing microelectronics and optoelectronics. Soft lithography is a class of printing which 
utilizes patterned elastomers to transfer inked patterns to a wider range of substrates at a much 
lower cost. Microcontact printing (µCP) is a method of soft lithography that is capable of 
printing patterns with dimensions at a submicron level and commonly used to form patterned 
self-assembling monolayers (SAMs) on substrates (Xia et. al, 1998). 
2.2 Optical Adhesive 
Optical adhesives are widely used in military, commercial, and aerospace applications 
due to their ability to bond or cement optical components together (Edmund Optics Inc., 2016 
and Summers Optical, 2016). Additional advantages of using adhesives rather than other means 
of attaching optical components, include their flexibility in design and low cost. Previous work 
with optical components were bonded with purified, filtered Canada balsam due to its 
transparency and high optical quality. Lenses glued with Canada balsam were also known as 
cemented lenses. However, Canada balsam was phased out during World War II, when 
polyester, epoxy and urethane based single and two components adhesives were introduced for 
bonding optical components (Summers, 2015). 
2.3 Epoxy Resin 
Epoxy resin is used as the ink for the procedures developed in this report. Epoxy resin is 
a class of prepolymers and polymers that contain epoxide groups. Epoxy resins can both cross-
link within themselves or with other co-reactants. The reactants are widely used in industries 
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because of their excellent mechanical properties, chemical resistance, anti-corrosive properties 
and thermal stability (Kishi et al, 2016 and Morsch et al, 2015). Epoxies must be mixed in a 
small container because if surface area to volume ratio is too large then one cannot accurately 
assess whether the two components obtained homogeneity (Summers, 2015). Two methods to 
create a thin film with epoxy resin as an ink pad include, spin coating and the use of a doctor 
blade. The project focused on an adhesive epoxy (EPO-TEK 302-3M) and a conductive epoxy 
(EPO-TEK H20E-PFC).  
2.3.1 Adhesive Epoxy 
The adhesive epoxy is EPO-TEK 302-3M, which is a low viscosity, two component 
adhesive epoxy that is clear in color. The physical, optical, and electrical properties are shown in 
Appendix A. The low viscosity of this adhesive is desirable for optical, medical, fiber optic, and 
semiconductor applications. For these applications, this low viscosity adhesive epoxy was 
chosen for its high shear strength as opposed to the higher viscosity conductive epoxy. Pot time 
is defined as the amount of time needed for the initial mixed viscosity to double, or to quadruple 
for lower viscosity products (<1000 cPs) (Epoxy Technology, 2016). Pot time for EPO-TEK 
302-3M is 1 hour (Epoxy Technology, 2015).  
2.3.2 Conductive Epoxy 
 The conductive silver epoxy is EPO-TEK H20E-PFC, which is a high viscosity, two 
components, semiconductor grade epoxy. The physical, thermal and electrical properties are 
shown Appendix A. Possible applications for printed conductive adhesives include electrical 
components used for printed electronics and one way sensors. For these applications, this 
conductive epoxy was chosen for its high conductivity. The pot time for EPO-TEK H20E-PFC is 
three days. 
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3.0 Process Development       
The goal of the procedures in the process development section is to determine the 
effectiveness of the microcontact printing process of adhesive and conductive epoxies. In order 
to accomplish this goal, the team completed the following objectives: 
1. Fabricate stamps with predefined geometries and functionalize substrate surfaces using 
established processes 
2. Develop methods to create an ink pad for coating the stamp with adhesive and conductive 
ink 
3. Design new fixtures for the microcontact tool to ensure reproducibility 
4. Perform a series of stamping trials to determine an optimal and reproducible process 
5. Characterize printed structures of adhesives 
6. Record reproducible procedures for a variety of substrate and ink combinations 
The overview of the microcontact printing process is shown in Figure 3-1. The printing 
process begins with a pre-fabricated master with laminated photoresist patterns provided by 
NTB. This master is used to replicate the pattern onto a PDMS stamp. Once the PDMS stamp is 
fabricated, the stamp is pressed into an epoxy ink pad. The inked stamp is then pressed onto the 
desired substrate. The ink is then ready for bonding and characterization through optical, 
mechanical, and electrical testing. 
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Figure	3-1	Processes	of	Fabrication	and	Printing	
The iterative process used to develop the final microcontact printing process from Figure 
3-1 is shown in the flowchart in Figure 3-2. 
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Figure	3-2:	Flowchart	of	Process	Development	
The pre-made master used to fabricate a PDMS stamp, as shown in Figure 3-3, is created 
following the negative method of master fabrication. In this method, the photoresist layer is on 
the surface of silicon glass. A mask with a certain pattern is then placed over the photoresist. The 
mask is then removed and the desired master is formed. 
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Figure	3-3:	Premade	Master	Process	(Sigma-Aldrich,	2016)		
After a pattern is replicated, an ink pad is developed to provide a thin layer of ink to coat 
the PDMS stamp. Surface functionalization of PDMS and PMMA substrates is performed to 
increase surface adhesion before printing the coated stamp. The contact angle of the surface is 
measured to determine the duration of surface activation. After functionalization, the 
microcontact tool is used to print the replicated pattern onto glass and PMMA substrates. The 
current LabVIEW parameters were modified to bring the stamp in contact during inking and 
printing. A series of printing trials are needed to ensure a reproducible process. Optimization 
takes places when necessary throughout the trials and characterization procedures. A small glass 
die is glued on the final print before hardening the adhesive. The overall thickness of the final 
print is measured to ensure a uniform and thin layer is produced. Lastly, mechanical and 
electrical tests are performed to evaluate the characteristics of the adhesive.  
Combinations of two different substrates and two types of inks were developed in this 
study resulting in four different stamping combinations. The substrates included glass and 
PMMA. The two inks were EPO-TEK H20E-PFC developed for applications that require a 
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conductive adhesive, and EPO-TEK 302-3M developed for applications that require adhesion 
without electrical conductivity. Figure 3-4 outlines the different inks and substrates used. 
Multiple stamps can be fabricated from one master, and multiple prints can be printed from one 
stamp. 
 
Figure	3-4:	Substrate	&	Ink	Combinations	
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3.1 Stamp Fabrication 
The standard procedure for microcontact printing is to create a master template through 
photolithography, as shown in Appendix B. That master template is then used to produce PDMS 
stamps, which serve as inverted copies of the master. This is accomplished through a standard 
stamp fabrication process, as shown in Table 3-1. The PDMS requires precise measurement and 
mixing during the stamp fabrication process. An aluminum mold tool holds the master during the 
PDMS stamp fabrication process. The mold tool is cleaned in order to remove impurities and dirt 
that can contaminate the surface. A silanization procedure is used to cover the surface of the 
master with two drops of trichlorosilane 97% molecules and form bonds to ensure proper PDMS 
stamp pattern replication and to prevent sticking. The stamp is molded by forming a layer of 
PDMS over the master and allowing it to harden into a flexible solid state. After peeling the 
stamp away from the master, the stamp is ready for use. Multiple stamps can be fabricated from 
one master. Cooling the master to room temperature during the curing process is important to 
ensure the proper hardening of the stamp. Stamp fabrication trials were conducted until the 
lateral dimensions of the stamp pattern were comparable with a tolerance of +/- 0.001 mm (1 
µm), to those of the master. 
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Table 3-1: Stamp Fabrication Procedure 
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3.1.1 Optical Inspection: Lateral Dimensions of the Pattern 
 The lateral dimensions of the stamp must be equivalent to the corresponding dimensions 
of the master, with a tolerance interval of +/- 0.001 mm (1 micron). If the dimensions are not 
within this tolerance interval, the process for the fabrication of the stamp is considered to be not 
reproducible. The PDMS stamp inspection procedure is as follows in Table 3-2: 
Table 3-2: Optical Microscope Procedure 
 
3.1.2 Optical Testing Results 
 A master with a pattern optimized for shear testing was selected to fabricate three PDMS 
stamps. The lateral dimensions of the fabricated stamps matched the lateral dimensions of the 
master used, as shown in Figure 3-5. In Table 3-3, the lateral dimension percent error is shown. 
The equation used in determining these values is shown below, where Ls and Lm represent the 
lateral dimensions of the stamp and master, respectively.  
%𝑒𝑟𝑟𝑜𝑟 = 𝐿𝑠 − 𝐿𝑚𝐿𝑚 ∗ 100% 
In this testing procedure, three dimensions were measured. These points were labeled as 
a, x and y, as seen in Figure 3-6. Stamp 3 had the lowest percent error of 0.67% for a, 0.91% for 
28 
  
x, and 0.20% for y, followed by Stamp 2, and Stamp 1. The % maximum error required to 
maintain a 0.001 mm (1 micron) tolerance of the master are 0.67%, 0.23%, 0.20% for width a, x, 
and y respectively. Numbers are highlighted in red if they did not meet this requirement. Stamps 
3 and 2 were shown to be reproducible with width a and y since they were in the tolerance 
defined. None of the stamps were in the tolerance value for width x. 
 
Figure	3-5:	Demonstration	Lateral	Dimensions	Measured	
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(a)         (b)   
 
(c)       (d) 
 
Figure	3-6:	Lateral	Dimensions	(a)	Master	1	(b)	PDMS	stamp	1	after	fabrication	(c)	PDMS	stamp	2	after	fabrication	
(d)	PDMS	stamp	3	after	fabrication	
 
Table 3-3: % Error Between Lateral Dimension Measurements 
 
 a (mm) % error of a x (mm) % error of x y (mm) % error of y 
Master (a) 0.149 N/A 0.438 N/A 0.491 N/A 
Stamp 1 (b) 0.146 2.01% 0.427 2.51% 0.492 0.20% 
Stamp 2 (c) 0.150 0.67% 0.431 1.60% 0.488 0.61% 
Stamp 3 (d) 0.150 0.67% 0.434 0.91% 0.490 0.20% 
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3.2 Surface Preparation 
The surfaces of the substrates must be cleaned to remove contaminants, and 
functionalized to increase the ink’s surface adhesion by creating a hydrophilic layer on the 
surface of the substrate. The final printed epoxy cannot be used as an optical component if it 
cannot adhere to the surface or if any contamination to the surface exist. A hydrophobic surface 
repels water and will not allow the ink to stick. The purpose of having a hydrophilic surface is to 
increase surface adhesion for the applied adhesive. The adhesive will not bond to the stamp if the 
surface is hydrophobic. 
3.2.1 Surface Wettability 
A surface’s hydrophobic or hydrophilic nature is based on the wettability of the surface 
as determined by the contact angle. Contact angle is defined as the angle between the liquid-
vapor (water) interface and the solid, as shown in Figure 3-7.  
 
 
Figure	3-7:	Contact	Angle	(Kruss,	2016)	
According to Young’s equation, the contact angle, θ, can be expressed as 
σs = σsl + σl * cos(θ) 
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 Where σs is the surface free energy of the solid, σsl is the interfacial tension between water and 
solid and σl is the surface tension of the liquid. 
If the contact angle is close to 0°, the water is almost completely spread even on the 
surface, which indicates high wettability. This phenomenon is known as superhydrophilic. A 
hydrophilic solid has a contact angle of less than 90°. The surface with the contact angle of 90° ≤ 
θ ≤ 150° is called a hydrophobic surface. If the contact angle is greater than 150°, the water only 
rests on the surface without spreading. This condition is known as a superhydrophobic surface. 
Different situations of wetting are demonstrated in Figure 3-8.  
 
 
Figure	3-8:	Different	Levels	of	Wettability	of	Surface	(Forch,	2009)	
Oxygen plasma is one of the most common ways to treat substrate surfaces. First, oxygen 
plasma removes the organic contaminants by reacting with oxygen radicals. Then, energetic 
oxygen ions promote surface oxidation by reacting with OH groups (Harrick Plasma, 2016). 
However, the activation of the surface via oxygen plasma is not permanent, and the maintenance 
of hydrophilicity is varied from case to case. In order to optimize the timing of functionalization 
procedures, a series of contact angle measurements were performed where the contact angle of 
the PMMA substrates and PDMS stamps was measured over a series of varying time intervals.  
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3.2.2 Functionalization of Surfaces 
The surfaces of the PDMS stamps that contact the adhesive inks are hydrophobic, 
whereas the surfaces of PMMA substrates are hydrophilic. Both of surfaces used an oxygen 
plasma treatment to activate the surface and increase the wettability properties. The 
functionalization process is performed through the use of a barrel asher, which can be seen in 
Appendix O. The steps used for surface functionalization are shown below in Table 3-4. When 
this procedure is performed, a contact angle of less than 5° is targeted. 
 
Table 3-4: Functionalization Procedure 
 
3.2.3 Glass Cleaning 
Correct substrate preparation is essential in the successful bonding of optical components. 
Optical components cannot be bonded unless excess dirt and residue are removed (Summers, 
2015). The glass substrates do not require functionalization due to their hydrophilicity. Only the 
glass substrate required cleaning before any treatments. The PMMA substrate was functionalized 
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with oxygen plasma and does require cleaning since oxygen plasma removes any impurities. The 
steps used to clean the glass surface are outlined below in Table 3-5 (Maechler, 2016). 
Table 3-5: Glass Cleaning Procedure 
 
3.2.4 Contact Angle Measurement for Hydrophilicity Procedure 
Since oxygen plasma produces a temporary surface activation, the surface only remains 
hydrophilic when the contact angle is less than 90°. A KRÜSS EASYDROP DSA20E, as shown 
in Figure 3-9, was utilized to measure the contact angle of the substrate and stamp surfaces 
through the use of water droplets. The following procedure shown in Table 3-6 was used to 
measure contact angles and to optimize the PMMA, glass, and PDMS surface treatments: 
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Table 3-6: Contact Angle Measurement Procedure 
 
 
Figure	3-9:	Kruss	Easydrop	DSA20E	
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3.2.6 Contact Angle Measurement Results 
Measurement data from the contact angle trials of the PMMA substrates and PDMS 
stamps are shown in Appendix D and Appendix E, respectively. The average values of three 
contact angle with tolerance of 8 degrees are graphed, as shown in Figure 3-10. The first 
measurement taken 15 minutes post-functionalization revealed that the contact angle of PMMA 
decreased by 30 degrees. Before functionalization, the contact angle of PMMA was 71.9º, 
indicating a hydrophilic surface. After functionalization, the contact angle was measured at 40º. 
However, the contact angles experienced a rapid increase within one hour of functionalization. 
Figures 3-11 (b) and (c) show that there is a 30º difference in the measured contact angles 
between the time interval of 15 min and 45 min. After one hour, the contact angle is equal to that 
of the PMMA before functionalization. Since PMMA always has a hydrophilic surface, it does 
not require functionalization.   
  
Figure	3-10:	PMMA	Contact	Angle		
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(a)                         (b)                                     
    
   (c)                                                    (d)                                          
 
Figure	3-11:	(a)	PMMA	before	functionalization	(b)	PMMA	post	functionalization	15	min	(c)	PMMA	post	
functionalization	45	min	(d)	PMMA	post	functionalization	60	min		
 
Before functionalization, the PDMS had a hydrophobic surface with a 112 º contact 
angle. The PDMS stamp was functionalized to change the surface from hydrophobic to 
hydrophilic. The average values of three contact angles with a tolerance of 8 degrees were 
plotted over time, shown in Figure 3-12. The contact angle of the PDMS stamp measured at 
39.5º 15 minutes after functionalization. However, the contact angle experienced a rapid increase 
within two hours after the functionalization procedure was performed. Images demonstrating the 
measured contact angles before and after functionalization are shown in Figure 3-13.  
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Figure	3-12:	PDMS	Contact	Angle		
                                                                                                
(a)                                                          (b)                                                 (c)  
       
                          (d)                                                       (e) 
		Figure	3-13:	(a)	PDMS	before	functionalization	(b)	PDMS	post	functionalization	15	min	(c)	PDMS	post	
functionalization	30	min	(d)	PDMS	post	functionalization	90	min	(e)	PDMS	post	functionalization	120	min		
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The contact angle was measured for the glass substrate using two different cleaning 
procedures shown is Figure 3-14. The first procedure utilized acetone and isopropanol 
(Procedure A), and the second procedure was the standard process provided by NTB, as shown 
in Section 3.2.3 (Procedure B). The measured contact angle data for the glass substrates is shown 
in Appendix F. The glass substrate that was cleaned with acetone and isopropanol had a contact 
angle of 41.2 º, which was 22 º larger than the contact angle of 19.2 º of the glass cleaned with 
the standard process. Therefore, all the glass substrates must be cleaned with the standard 
process. Images demonstrating the measured contact angles are shown in Figure 3-14, where 
Procedures A and B are shown respectively.  
  
                                    (a)                                                                (b) 
 
Figure	3-14:	(a)	Glass	cleaned	by	hand	(b)	Glass	by	the	standard	clean	room	process		
3.3 Ink Pad Development 
 There is no ink pad needed for NTB’s current printing process for small molecules. An 
ink pad is necessary for epoxies since they cannot be applied to the stamp uniformly with the 
current process using a syringe. The purpose of the ink pad is to provide a thin uniform region of 
adhesive or conductive ink that can be collected by the stamp during the inking process. 
Different methods of ink pad creation are required depending on the viscosity of the ink. The 
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spin coating process creates thin layers of liquid materials with low viscosities. This procedure 
was well suited for the generation of an adhesive ink pad on a silicon wafer. The process of 
doctor blading can also be used to create a thin uniform layer of ink for liquids with higher 
viscosities. This procedure is well suited for the high viscosity conductive ink on a glass wafer. 
Once the ink pad is generated, the stamp can be coated with the either the adhesive or conductive 
ink for use in the later steps of the stamping process. 
3.3.1 Spin Coating Background  
Spin coating is one of most common techniques to deposit a thin, solid polymeric film 
onto the flat surface of substrates (Ossila, 2016 and Uddin et al, 2004). Spin coating has been 
widely used in industry because this process quickly and easily makes uniform micrometer films. 
Generally, there are three steps involved in this technique, as shown in Figure 3-15.  
 
 
 
(a)                                                                                       (b) 
 
Figure	3-15:	(a)Spin	coating	graph	of	a	Solid	Polymeric	Film	(Ossia,	2016)	(b)	Corresponding	steps	
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The thickness of the film “d” can be calculated from the empirical relationship 𝑑 = 𝑘wa 
Where k and α are the constants related to the properties of solute, solvent and the 
surface, while ⍵ is the angular velocity of the surface (Krebs, 2009). The fast spin speed and 
high airflow can result in uniform solvent particles on the surface in both macroscopic and nano-
length scales. However, there are disadvantages in this technique. First, there is a relatively low 
throughput compared with other techniques, since each substrate is handled individually (Ossila, 
2016). Second, it is difficult to spin coat a uniform film on a large wafer. Third, the ink waste 
ratio is high, with only about 10% of ink retained during the second step of the process, while the 
remaining ink is propelled from the surface. A desirable layer for adhesive epoxy is uniform with 
a thickness of less than 10 micrometers. 
3.3.2 Spin Coating Procedure of Adhesive Epoxy 
The spin coater machine, as shown in Appendix O, is used to create a thin layer of 
adhesive epoxy. 
A clean surface before spin coating is a key step to make a uniform ink layer. Steps for 
cleaning is shown in Table 3-7: 
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Table 3-7: Cleaning Procedure for Spin Coating 
   
The total ink, Vtotal, desired is dependent on the surface area of the spin coated surface and the 
target thickness of the final ink pad. The relationship is represented in the equation below, where 
A and r are the surface area and radius of the silicon wafer, respectively, while d is the expected 
thickness of the ink pad. 𝑉 𝑖𝑛𝑘 = 𝑉(𝑡𝑜𝑡𝑎𝑙) ∗ h 𝑉(𝑡𝑜𝑡𝑎𝑙) = 𝑉(𝑖𝑛𝑘)/h 𝑉(𝑡𝑜𝑡𝑎𝑙) = 𝐴 ∗ 𝑑/h 𝑉(𝑡𝑜𝑡𝑎𝑙) = p𝑟2 ∗ 𝑑/h 
The method of spin coating has an efficiency (h) of around 10%. The efficiency was 
calculated by using the radius of the silicon wafer, r = 10 cm, and the measured thickness of the 
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spin coated ink, d = 10 µm. The desired amount of ink used in the experiment is around 3.14 ∗
1075m3. The spin coating procedure is as follows shown in Table 3-8: 
Table 3-8: Spin Coating Procedure for Adhesive Epoxy 
 
There were four parts of the spin coating procedure. The first part was to explore the 
effect of the air bubbles produced in the process. To do this, Program 1 with vacuum and 2 
without vacuum (shown in Appendix C) of the speed mixer were used to mix the two 
components of adhesive epoxy.  
The second part was to explore the effect that waiting time had on forming a thin layer. 
To achieve this goal, the silicon glass was spin coated after 0.5 min, 5 min, 10 min and 25 min of 
mixing.      
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The third part was to find the relationship between spin coating time and surface area, 
and spin coating speed and surface area. Multiple self-defined programs with different rotation 
time and speed were used.    
The fourth part was to determine the thickness of the layer by using Program 4 defined by 
NTB. Three wafers were spin coated after 5 min, 10 min and 15 min of mixing; this process was 
repeated for three times. A prism coupler, as shown in Figure 3-16, was used in the clean room 
to measure the thickness of the ink pad.  
 
 
Figure	3-16:	Prism	Coupler	(Filmetrics,	2016)	
The silicon wafer was divided into eight portions, as shown in Figure 3-17, including 4 
inner areas (1-4) and 4 outer areas (5-8). During the measurements, one point from each area was 
measured.  
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Figure	3-17:	Division	of	Wafer		
3.3.3 Spin Coating Results: Part 1  
Figure 3-18 illustrates program 1 with vacuum (a) and program 2 without vacuum (b). 
The results showed that using program 1 successfully reduced the air bubbles inside of the 
adhesive epoxy, and formed a relatively more uniform ink pad compared the ink pad with 
program 2.  
 
 
(a)                                                               (b) 
Figure	3-18	(a)	Program	1	with	Vacuum	(b)	Program	2	without	Vacuum		
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3.3.4 Spin Coating Results: Part 2 
The effect of wait time between mixing and spin coating was studied, since Part A and 
Part B of the adhesive would polymerize after mixing. These trials demonstrated the effects of 
polymerization on the formation of a thin ink layer, as well as when the tipping point occurred 
and the ink pad fabrication process was no longer effective. The silicon glass wafer was spin 
coated after wait times of 5 minutes, 10 minutes, 15 minutes, and 20 minutes after Part A and 
Part B was mixed. The spin mixing process was completed with Program 1, and the spin coating 
process is completed using Program 4. The results of the delay time trials show that spin coating 
forms a uniform layer by using the adhesive epoxy within 15 minutes of the time of mixing. 
However, the surface roughness increased after 20 min of mixing, as shown in Figure 3-19. 
Therefore, the time between mixing and spin coating should be limited to 15 minutes. 
  
(a)                                                           (b) 
 
                                             (c）                                                 (d) 
Figure	3-19:	Spin	coating	with	a	delay	time	of	(a)	5	minutes	after	mixing	(b)	10	minutes	after	mixing	(c)	15	minutes	
after	mixing	(d)	20	minutes	after	mixing	
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3.3.5 Spin Coating Results: Part 3 
According to the equation	𝑉(𝑡𝑜𝑡𝑎𝑙) = p𝑟2 ∗ 𝑑/h, the amount of epoxy required is 3.14 ∗
1075m3. However, more adhesive epoxy was need to cover the surface of the silicon wafer. 
Trials were conducted using varying ink volumes set at 1 mL, 2 mL, 3 mL, and 4 mL of adhesive 
epoxy. The results show that 3 mL of epoxy proved to give optimal results, as this volume 
covered the total surface of the silicon wafer without wasting too much epoxy. 1 mL of epoxy 
was placed on the surface for self-defined studies, and 3 mL of epoxy was placed on the surface 
for the final ink pads created using Program 4.  
Self-defined programs were also used to explore the relationship between the rotation 
speed, elapsed time, and the final ink pad surface area. 1 mL of adhesive epoxy was placed on 
the wafer in each self-defined program. In the first trial using self-defined programs 1 to 3, 
rotation speed was the independent variable and acceleration was the constant variable. The 
relationship between time and spread area was explored by changing the spinning time, shown in 
Table 3-9. As a result of these programs, the ink pattern stays in the center without spreading. In 
this case, the centripetal force was not sufficient enough to overcome the shear force due to high 
viscosity of the epoxy ink. 
Table 3-9: Low Acceleration with Varying Time Durations 
Program Step # RPM(*10) Acceleration Time (s) 
Self-Def 1 1 10 1 20 
Self-Def 2 1 10 1 40 
Self-Def 3 1 10 1 60 
 
The second trial, used a higher constant speed, 1000 RPM, and kept time as the 
independent variable, as shown in Table 3-10. Even though Self-Def 4 can spread out the ink in 
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the middle, the rapid stop of the rotation broke the silicon wafer. The second step of Self-Defined 
Program 4 included a step to reduce the rotational speed to slow down the wafer and avoid 
damage. Self-Defined Programs 5 to 7 with a constant rotation speed and different rotation time. 
The results illustrated that as time increased, the spread out area increased as shown in Figure 3-
20. 
Table 3-10: High Acceleration with Varying Time Durations 
Program # Step # RPM(*10) Acceleration Time (s) 
Self-Def 4 1 100 8 2 
Self-Def 5 
1 100 8 2 
2 50 1 10 
Self-Def 6 
1 100 8 8 
2 50 1 10 
Self-Def 7 
1 100 8 16 
2 50 1 10 
    
   
                           (a)                                              (b)                                            (c) 
Figure	3-20:	(a)	Self-	Def	5	(b)	Self-	Def	6	(c)	Self-	Def	7	
The third trial, used speed as the independent variable, and the time as a constant 
variable, as shown in Table 3-11. Similarly, Self-Defined Programs 8 and 9 were performed. By 
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comparing the results of Self-Defined Programs 7 to 9, if time is a constant, as rotation speed 
increases, the ink pad surface area increases.  
Table 3-11: Varying RPM and Acceleration, Constant Time 
Program # Step # RPM(*10) Acceleration Time (s) 
Self-Def 7 
1 100 8 16 
2 50 1 10 
Self-Def 8 
1 70 8 16 
2 50 1 10 
Self-Def 9 
1 50 8 16 
2 50 1 10 
 
The fourth trial used Program 4, a pre-defined program by NTB, as shown in Table 3-12. 
By observation of the steps of Program 4, a relatively low speed in the beginning spread the 
epoxy over the whole surface of the wafer. Then the higher speed can propel the excess ink from 
the surface to create a thin layer. In the end the slow speed safely stops the rotation. After 
investigating the relationship between time and speed through various trials, it became apparent 
that Program 4 provided the best results for a uniform layer, as shown in Figure 3-21. 
Table 3-12: NTB Spin Coater Program 4 
Program # Step # RPM(*10) Acceleration Time (s) 
4 
1 250 8 5 
2 800 6 20 
3 2000 8 90 
4 2000 8 90 
5 100 6 5 
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Figure	3-21:	Spin	Coated	Wafer	Using	Program	4	
3.3.6 Spin Coating Results: Part 4 
Since program 4 gave the best results for spin coating, the thickness of the ink pad was 
measured through various trials to determine the repeatability. The comparison of points A 
through H on an inked wafer are shown in Table 3-13. The first to the third column in each of the 
tests show the thickness of the ink pad coated of 5, 10 and 15 minutes after part A and part B was 
mixed. The standard deviation of the thickness is within the range of 21 nm to 44 nm, and the 
coefficient of variation is between 0.18% and 0.42%, which is less than 1%. Therefore, spin 
coating formed a uniform ink pad layer. The thickness of inkpad is desirable since it is less than 
the thickness of photoresist, which is 50 micrometers. Figure 3-22 plotted the thickness of ink 
pad from 8 different areas in three tests, where the x-axis numbers 1 to 8 corresponding to the 
points 1 to 8.  
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Table 3-13: Thickness of Ink Pad - Spin Coated Using Program 4 
 
 
Figure	3-22:	Thickness	of	Ink	Pad	From	8	Different	Areas	
Figure 3-23 illustrates the average thickness of the ink pad in each test, with respect to 
time. The relationship of time and thickness can be expressed as following:  𝑦1 = 169.13𝑥 + 9168.3 𝑦2 = 206.16𝑥 + 8782.4 𝑦3 = 159.2𝑥 + 8051.9 
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Where y1, y2, and y3 correspond to Test 1, Test 2, and Test 3, respectively, and x (0<x<20) is 
the time after mixing. Therefore, the thickness of the ink pad is shown to had a linear 
relationship with respect to time: 𝑦 = 𝑎𝑥 + 𝑏  
where a is the coefficient, x is time and b is a constant value 
 
 
Figure	3-23:	Average	Thickness	of	Each	Test	with	Respect	to	Time	
3.3.7 Spin Coating Procedure of Conductive Epoxy 
The conductive epoxy was spin coated to see if the same method would give similar 
results as the adhesive epoxy. The procedure for the speed mixing and spin coating of the 
conductive epoxy is as follows in Table 3-14: 
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Table 3-14: Spin Coating Procedure for Conductive Epoxy 
 
3.3.8 Spin Coating Results of Conductive Epoxy 
As a result, the resulting spin coated ink pad is not uniform since the mixed solution is 
not entirely homogeneous, and the conductive components of the EPO-TEK H20E-PFC epoxy 
does not dissolve in ethanol. This method will not be used in the final inking and printing 
procedures since the stamp requires inking on a uniform homogenous layer. A sample result of 
spin coating the EPO-TEK H20E-PFC epoxy is shown in Figure 3-24.  
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Figure	3-24:	Spin	Coating	Conductive	Epoxy		
3.3.9 Doctor Blade Background   
The second method of creating the EPO-TEK H20E-PFC ink pad uses a doctor blade. 
Doctor blading, also known as knife coating or blade coating, is a process used in the application 
of creating thin ink films on the surface of rigid or flexible substrates. Figure 3-25 demonstrates 
the coating process through the use of a doctor blade. A sharp blade is placed above the surface 
of a substrate at a fixed distance, g, which is usually 10 µm - 500 µm (Krebs, 2009). The ink is 
placed above the substrate and in front of the blade. The thickness of the film, d, can be 
calculated by the equation: 
𝑑 = 1
2
(𝑔 ∗ 𝑐⍴) 
 
Where ⍴ is the density of the final film and c is the concentration of solid particles in the 
ink. The thickness, d, is in the range of twenty to several hundred microns (Berni, 2004). The 
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doctor blade method scrapes off excess ink in the creation of the ink pad and reduce ink waste to 
less than 5%, which reduces the volume of ink needed for ink pad creation compared with spin 
coating (Krebs, 2009). However, drawbacks to this technique include the need for multiple trials 
in order to determine the optimal conditions for coating, specifically the required quantity of ink 
and the applied force needed. 
 
Figure	3-25:	Doctor	Blade	(Burgues-Ceballos,	2014)		
3.3.10 Doctor Blade Initial Design 
NTB provided two doctor blade constructions. In the initial doctor blade design, 
Construction 1, micrometer foil was used to maintain a height of 10 µm between the blade edge 
and the surface of a glass plate, as shown in Figure 3-26. This method removes the excess ink 
through “wiping” a blade across the surface of a glass wafer by hand. The two ends of the blade 
are run across the micrometer foil, thereby keeping the blade edge elevated above the plate 
surface. 
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Figure	3-26:	Doctor	Blade	-	Construction	1	
The procedure for the formation of the ink pad using Construction 1 is as follows in 
Table 3-15: 
Table 3-15: Procedure for Doctor Blade of Construction 1 
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3.3.11 Doctor Blade Final Design 
 Construction 1 of the doctor blade produced ink pad layers of uniform thickness during 
initial trials, as shown in Figure 3-27. However, due to the high potential for variability in blade 
angle, force application, and draw speed, a more controlled system was needed to increase the 
degree of consistency between trials. 
 
Figure	3-27:	Ink	Pad	Result	(Construction	1)	
To improve the consistency and repeatability of the doctor blading procedure, a second 
design, Construction 2, was developed, as shown in Figure 3-28. This design utilizes a 
micrometer screw to control the height between the blade and the surface of the glass plate. A 
movable stage was used to move the glass wafer and produce a thin uniform layer of the 
adhesive. Through these alterations, Construction 2 addressed the high variability in the doctor 
blading process. The addition of a fixed blade mount provided control for the angle and force 
applied, and a sliding stage improved control of the draw speed. Construction 2 also utilized a 
micrometer screw which provided the user with a more flexible control of the height adjustment 
process. 
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Figure	3-28:	Doctor	Blade	-	Construction	2	
The procedure for the formation of the ink pad using Construction 2 is as follows in Table 3-16: 
Table 3-16: Doctor Blade Procedure for Construction 2 
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3.3.11 Doctor Blade: Ink Pad Results 
In initial trials, setting the micrometer screw to 20 µm provided an optimal ink pad 
thickness. A comparison of initial micrometer screw value trials can be seen in Figure 3-29 
where (from top to bottom) the micrometer screw is set to 15 µm, 20 µm, and 17 µm. At lower 
height settings, the applied force of the blade on the ink reaches a tipping point and pulls ink 
away from the plate surface. At greater height settings, the spacing between the blade edge and 
the plate surface causes in increase in the ink pad thickness. 
 
Figure	3-29:	Ink	Pad	Results	with	Various	Micrometer	Screw	Inputs	(Construction	2)	
Using white light interferometry, the thickness of various EPO-TEK H20E-PFC 
conductive epoxy ink pads were measured. The procedure for measuring ink pad thickness is as 
follows in Table 3-17: 
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Table 3-17: Ink Pad Measurement Procedure 
 
As shown in Table 3-18, the resulting thicknesses was not equivalent to the value of the 
micrometer screw used to create each ink pad. Rather, the ink pad thicknesses were measured to 
be between 2.695 µm and 3.395 µm. Each ink pad showed a high degree of uniformity under the 
white light, as shown by the images in Appendix J. 
Table 3-18: Doctor Bladed Ink Pad Thickness Results 
Ink Pad Micrometer Screw Value (µm) White Light Thickness Measurement (µm) 
1 15 3.395 
2 17 2.695 
3 20 2.860 
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         From these results, it was determined that the micrometer screw should be set to 18 µm to 
form a thin, uniform ink pad using the EPO-TEK H20E-PFC epoxy with doctor blade design 
Construction 2. This height provides a spacing large enough to effectively remove the excess ink, 
while maintaining a low enough applied force so that the ink pad remains uniform. 
3.4 Time Constraints of Printing 
The surfaces of PMMA, PDMS and glass should keep their hydrophilicity during printing 
to ensure a good print output. Because both PMMA and glass always have hydrophilic surfaces, 
the time constraint depends on functionalizing PDMS. Thus, PDMS should be re-functionalized 
within every 80 min according to the results in Section 3.2.  
Also, the inking process should be finished within pot time. Therefore, the time starting 
from adhesive mixing to final inking must be limited to 1 hour. Meanwhile, for conductive 
epoxy the time between mixing and printing is constrained to 3 days. Lastly, the spin coating 
process for adhesive epoxy is constrained to 15 min after mixing of Part A and Part B to ensure 
the surface flatness. The summary of the time constraints is shown in Table 3-19.  
Table 3-19: Time Constraints  
Names Time 
Stamps 80 min 
Pot time of Adhesive Epoxy  60 min 
Pot time of Conductive Epoxy 3 days 
Time between spin coating and mixing 15 min 
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3.5 Series of Stamping Trials for an Optimal and Reproducible Process 
 The microcontact printing tool is used along with a pre-programmed LabVIEW program 
to bring the stamp into contact with a substrate. Multiple parameters were tested to provide a 
broad set of data and determine the best inputs for the program. The data determined whether the 
process was already reproducible or if it needed continued refinement.  
3.5.1 NTB’s Microcontact Printing Tool 
The purpose of NTB’s microcontact printing tool is to print a pattern on a substrate 
through conformal contact. High accuracy, resolution, and low cost are all advantages of this 
tool. Its motorized translation stages and gyroscope allow for alignment in all degrees of freedom 
(DOF). The integrated sensors provide precise regulation, and flexibility is provided from the 
modular design and open source software. The tool specifications can be seen in Table 3-20. 
During the print process, a polymer stamp is coated with molecular ink through contact with or 
immersion in an ink pad, and SAMs are stamped with conformal contact with the stamp and 
substrate. A LabVIEW program was created to control the movement of the tool and for 
receiving the force-measurement data. Possible applications with this tool include, protein 
patterns for cell growth experiments, metal layer patterning, and surface functionalization 
(Maechler, 2016). 
Table 3-20: Specifications of NTB's Microcontact Printing Tool (Maechler, 2016) 
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 The microcontact printing tool consists of a holder plate for a glass substrate which is 
screwed onto the stage shown in Figure 3-30. The holes in the holder plate allow for the use of 
the vacuum to maintain the position of the substrate on the holder during printing. Holes for pins 
are also included in the holder plate to help maintain the position of the substrate. 
 
 
Figure	3-30:	NTB’s	Microcontact	Printing	Tool	(Maechler,	2016)	 	
 
The current holder for the microcontact printing tool supports a glass substrate with 
dimensions of 50 mm x 50 mm shown in Figure 3-31.  
 
Figure	3-31:	CAD	Model	of	Glass	Holder	
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3.5.2 Fixture for NTB Tool 
 In order to fit the 30 mm x 40 mm PMMA substrate, the holder design was modified 
through the use of the CAD program Creo. The CAD model created in Creo can be viewed in 
Figure 3-32. The stage plate on the NTB tool has multiple dimensions of the holes to secure the 
holder, ranging from 30 mm x 30 mm to 70 mm x 70 mm. The dimensions of the holder screws 
were modified from 70 mm x 70 mm to 50 mm x 50 mm to reduce material costs. The middle 
square of the holder was modified to fit the 30 mm x 40 mm plate. The pins were dimensioned to 
the edge of where the PMMA holder will be placed to help control any movement that may 
occur during printing. The mount for the vacuum was adjusted so that both the input and output 
locations remained centered with respect to the changed dimensions. Once manufactured out of 
metal, the PMMA holder was mounted to the stage on the tool with four screws. The stamping 
tool was modified in order to support the PMMA substrate and ensure reproducibility. 
 
Figure	3-32:	CAD	Model	of	the	PMMA	Holder	Fixture	
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3.5.3 LabVIEW Inputs 
A LabVIEW program was pre-made for the NTB tool. The program includes an initial 
setup to align the stages to the home orientation, enable the camera, and initialize the force 
sensors. Once the stages are enabled, the program allows the user to begin the stamp alignment. 
Inputs to the program include an applied force and approach distance for the stamp to come into 
contact with the substrate or ink pad. The setup and steps of the LabVIEW program are shown in 
Appendix H. A diagram of the tool setup is shown in Figure 3-33. 
 
Figure	3-33:	NTB	Tool	Setup	
3.5.4 Initial Stamp Cleaning Process 
            It is necessary to keep the stamp clean and dry every time before inking. The process of 
cleaning the adhesive and conductive epoxy from the stamp is as follows in Table 3-21:  
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Table 3-21: Stamp Cleaning Procedure 
 
3.5.5 Stamping Production 
The procedure for the microcontact printing process is as follows in Table 3-22: 
Table 3-22: Microcontact Printing Procedure 
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3.5.6 LabVIEW Results 
Once the stages, camera, and force sensors were enabled on the LabVIEW program, the 
alignment and printing procedures were tested through a series of trials. The force and approach 
distance were used at inputs to ensure a reproducible process. A flashlight was used to ensure the 
angle of contact between the substrate and stamp was parallel shown in Figure 3-34. 
 
Figure	3-34:	Flashlight	Alignment	Setup	
 The trials used NTB’s stamping tool and LabVIEW program to determine a force and 
approach distance. Numerous trials were performed to determine a suitable approach distance 
and applied force. These variables were tested for the contact of inking the stamp to the inkpad, 
as well as printing the stamp to the substrate (Appendix I). A distance too close to the substrate 
would result in a collision and a thick non uniform layer created. The same result occurred when 
the applied force was too large. The ink pads and substrates required different approach distances 
due to their varying sizes in heights. The final approach distance determined to produce the best 
results for inking and printing are shown below in Table 3-23. 
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Table 3-23: Approach Distance for Inking & Printing 
 Glass Plate Silicon Wafer 
Approach Distance for Inking 23 mm 24.55 mm 
 Glass Substrate PMMA Substrate 
Approach Distance for Printing 24.55 mm 23 mm 
 
The higher viscosity conductive adhesive required a higher force and longer time to 
ensure the stamp was fully covered in the ink. Stamps 1.2, 1.3, and 1.4 from Master 1 were used 
in the trials based on the quality of the stamp. A one-step force and time were used in the inking 
process to bring the stamp into contact with the ink pad. A two-step force during printing is 
normally used and gave better results when printing a uniform layer. The first step has a higher 
force to establish contact, and the second step uses a lower force to bring the epoxy to the 
surface. The conductive epoxy required a higher force to pick up the ink and print it due to the 
high viscosity. The parameters tested that resulted in a uniform layer of the final print are shown 
in Table 3-24. 
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Table 3-24: LabVIEW Parameters 
Conductive Epoxy(EPO-TEK H20E-PFC) 
Inking (glass plate) Printing (glass substrate) 
Force (N) Time (s) Force 1 (N) Time 1 (s) Force 2 (N) Time 2 (s) 
0.85 20 0.65 20 0.45 20 
Inking (glass plate) Printing (PMMA substrate) 
Force (N) Time (s) Force 1 (N) Time 1 (s) Force 2 (N) Time 2 (s) 
0.85 20 0.85 20 0.65 20 
Adhesive Epoxy(EPO-TEK 302-3M) 
Inking (silicon wafer) Printing (glass substrate) 
Force (N) Time (s) Force 1 (N) Time 1 (s) Force 2 (N) Time 2 (s) 
0.4 20 0.2 20 0.1 20 
Inking (silicon wafer) Printing (PMMA substrate) 
Force (N) Time (s) Force 1 (N) Time 1 (s) Force 2 (N) Time 2 (s) 
0.4 20 0.2 20 0.1 20 
3.6 Final Printed Adhesive 
The three stamps from master 1 were used to print the patterns onto both the PMMA and 
glass substrates. Due to some minor errors with the microcontact printing tool such as 
mishandling and inaccurate inputs, some prints were not distinguishable and not included in the 
data. Each stamp had the same lateral dimensions as the master and were comparable to each 
other. The use of three stamps was to decrease waiting time in between stamp trials. Stamp 1.2 
produced seven prints, Stamp 1.3 produced fourteen, and Stamp 1.4 produced three. Each 
fabricated stamp was used multiple times to produce more sets of data. The key in Figure 3-35 
explains the numbering system. Table 3-25 shows the number of final prints for each epoxy.  
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Figure	3-35:	Stamp	and	Print	Numbering	System	
 
Table 3-25: Final Prints 
Conductive Epoxy(EPO-TEK H20E-PFC) 
Substrate: Glass Substrate PMMA Substrate 
Stamp 1.2 1.2 C, 1.2 D, 1.2 E, 1.2 F 1.2 A, 1.2 B 
Stamp 1.3 1.3 C, 1.3 H, 1.3 I, 1.3 J, 1.3 K 1.3 A, 1.3 B, 1.3 F, 1.3 G 
Stamp 1.4 - 1.4 A 
Adhesive Epoxy(EPO-TEK 302-3M) 
Substrate: Glass Substrate PMMA Substrate 
Stamp 1.2 1.2 G, 1.2 I, 1.2 J, 1.2 L, 1.2 M 1.2 H, 1.2 K 
Stamp 1.3 1.3 D, 1.3 E, 1.3 H, 1.3 L, 1.3 
M, 1.3 O, 1.3 P, 1.3 Q 
1.3 N, 1.3 M 
Stamp 1.4 1.4 C, 1.4 D, 1.4 F, 1.4 H, 1.4 E, 1.4 G 
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3.6.1 Adhesive Curing 
The adhesives were hardened for characterization after printing to avoid the pattern from 
smudging. Adhesives can be cured in a batch oven for both epoxies. Heat cured adhesives can be 
either one-part or two-part products. The two adhesives in this procedure were EPO-TEK H20E-
PFC, and EPO-TEK 302-3M. Curing occurred once the stamp was printed onto the substrate. 
Both epoxies were cured using an oven, as shown in Appendix O. EPO-TEK 302-3M was 
capable of a low temperature cure at 23°C in the oven for 23 hours, or a temperature of 65°C for 
3 hours, as shown in Appendix A. EPO-TEK H20E-PFC was cured at 120°C in the oven for 15 
minutes or 80°C for 3 hours for glass substrate. However, PMMA substrates can only be cured at 
85°C for 3 hours in order to prevent disfigurement of the substrate, as shown in Appendix A. 
3.6.2 Characterization of Printed Structures 
The optical microscope is the tool used to measure the lateral dimensions of the master 
photoresist pattern, the stamp pattern, and the final print pattern. The white light interferometer is 
the tool used to measure the thickness of 3-D structures after curing, as shown in Appendix O 
(Michel, 2001). This tool was used in quantifying the varying characteristics between the trial 
samples to allow for an objective analysis of the different inking and stamping methods. 
After the ink stamp was applied to the surface of the substrate, the produced stampings 
were characterized in order to provide an objective method of comparison between trials. This 
objective was accomplished through the measurement of physical features, such as the thickness, 
conductivity, and shear strength of the finished print.  
In characterizing the produced prints, variables available for optimization became 
apparent. As this occurred, improvements were verified through further cycles of testing. 
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3.6.3 Optical Testing: Lateral Dimensions of Final Prints 
 The final prints were viewed under the optical microscope to compare the lateral 
dimensions to the master and stamp, as well as determine the quality of the epoxy after printing, 
as shown in Appendix M. Figure 3-36 illustrates the widths that were measured on the prints, and 
The percent error was also calculated between the final prints and the master. The equation used 
is shown in below, where Lm and Lp represent the lateral dimensions of the master and final 
print.  
%𝑒𝑟𝑟𝑜𝑟 = 𝐿𝑝 − 𝐿𝑚𝐿𝑚 ∗ 100% 
%𝑒𝑟𝑟𝑜𝑟	𝑡𝑜𝑡𝑎𝑙 = %𝑒𝑟𝑟𝑜𝑟	𝑎 + %𝑒𝑟𝑟𝑜𝑟	𝑥 
The data in Table 3-26 includes the measured lateral dimensions of a and x, as well as the 
calculated percent error of a, x, and total. The maximum percent error allowed to maintain the 
tolerance of +/- 0.05 mm of the master are 33.56% and 11.42% for a and x respectively. 
Numbers highlighted in red indicate values that are not within the tolerance.  
One reason the prints were not in the tolerance is because the stamp and substrate did not 
make parallel contact. Since the whole pattern did not fully print on the substrate, the exact 
square previously measured was not readable shown in Figure 3-37. Some prints were not visible 
or did print each pattern uniformly during the initial trials and caused difficulty in measuring the 
same square as the master. A solution to this problem in the future would be to use a master 
pattern with one square to measure, instead of a master with different sizes. 
The lowest percent error for a and x consisting of the adhesive epoxy printed on a PMMA 
substrate, was 30.87% and 4.79% error respectively. The lowest % error for adhesive epoxy on 
glass was 10.74% error for a, and 0.91% for x. The conductive epoxy resulted in a lower % error 
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of 2.01% error for a, and 2.74% error for x on PMMA, and 2.01% error for a and 7.76% error on 
glass.  
Print 1.2 B had a slightly higher inking and printing force than Print 1.3 B and resulted in 
a less uniform print. A higher force used could smudge the pattern and not create a thin uniform 
layer when inking and printing (Appendix M). Both Print 1.2 J and Print 1.2 L used the same 
force parameters for inking and printing, but Print 1.2 J did not fully replicate the pattern as well 
as Print 1.2 L. The two prints were inked from the same spin coated wafer, but a small air bubble 
may have been the cause for the difference in data. Further development in the printing process 
is needed since NTB’s current process for printing molecules has very good accuracy and 
reproducibility in producing the same shape of the pattern. 
 
Figure	3-36:	Lateral	Dimensions	Measured	
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Figure	3-37:	Print	Pattern	on	Substrate	
 
Table 3-26: Percent Error Between Lateral Dimension Measurements 
 a (µm) % error of a x (µm) % error x 
Master(a) 0.149 N/A 0.438 N/A 
Conductive Epoxy (Glass substrate) 
1.2 C 0.106 28.86% 0.476 8.68% 
1.2 E 0.117 21.48% 0.518 18.26% 
1.2 F 0.131 12.08% 0.513 17.12% 
1.2 D 0.135 9.40% 0.500 14.16% 
1.3 H 0.146 2.01% 0.560 27.85% 
1.3 I 0.166 11.41% 0.543 23.97% 
1.2 J 0.161 8.05% 0.472 7.76% 
1.3 K 0.128 14.09% 0.509 16.21% 
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Conductive Epoxy (PMMA substrate) 
1.2 A 0.0967 35.10% 0.4553 3.95% 
1.2 B 0.152 2.01% 0.502 14.61% 
1.3 F 0.119 20.13% 0.507 15.75% 
1.3 G 0.102 31.54% 0.450 2.74% 
Adhesive Epoxy (Glass Substrate) 
1.2 L 0.092 38.26% 0.442 0.91% 
1.2 J 0.045 69.80% 0.474 8.22% 
1.3 N 0.133 10.74% 0.553 26.26% 
1.3 O 0.101 32.21% 0.588 34.25% 
1.3 P 0.125 16.11% 0.506 15.53% 
1.3 Q 0.109 26.85% 0.456 4.11% 
1.4 F 0.0967 35.10% 0.506 15.53% 
1.4 H 0.112 24.83% 0.514 17.35% 
Adhesive Epoxy (PMMA Substrate) 
1.4 E 0.0938 37.05% 0.5342 21.96% 
1.2 H 0.0488 67.25% 0.4082 6.80% 
1.2 K 0.0811 45.57% 0.4929 12.53% 
1.3 M 0.103 30.87% 0.417 4.79% 
1.4 G 0.0986 33.83% 0.4704 7.40% 
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3.6.4 Optical Testing: Thickness of the Printed Structure  
After printing on NTB’s microcontact printing tool, the thickness of the frames was 
measured using a white light interferometer, shown in Appendix O, in order to characterize the 
final prints and further optimize the printing procedure. The procedure for measuring the print 
thicknesses is as follows in Table 3-27: 
 
Table 3-27: Thickness Measurement Procedure 
 
The measured results are shown in Table 3-28. These measurements ranged from 0.118 
µm to 4.574 µm for the EPO-TEK H20E-PFC conductive epoxy, and from 2.795 µm to 7.850 
µm for the EPO-TEK 302-3M adhesive epoxy. Appendix K and Appendix L show the images 
for these results. The results of the thickness and LabVIEW inputs were not comparable since the 
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tests used different ink pads. Since the homogeneity did not look as we wanted it to, more 
development in the coating process is needed to use the prints for production. 
 
Table 3-28: Thickness of the Final Prints 
EPO-TEK H20E-PFC (Conductive) EPO-TEK 302-3M (Adhesive) 
Print Number Thickness (µm) Print Number Thickness (µm) 
1.2B 0.784 1.3N 7.850 
1.2E 2.896 1.4H 4.536 
1.3F 3.502 1.3O 3.355 
1.3G 4.574 1.2L 2.795 
1.3B 1.756 1.4F 5.371 
1.3C 3.373 1.2I 4.101 
1.2D 1.074 1.2K 3.153 
1.3I 0.657 1.3D 3.271 
1.2C 0.118 1.3E 4.033 
1.3J 0.945     
1.2F 0.900     
Average: 1.871 Average: 4.274 
Std. Dev: 1.465 Std. Dev: 1.559 
  
 Shown in Figure 3-38 and Figure 3-39 are the graphical representations of the EPO-TEK 
H20E-PFC conductive epoxy and the EPO-TEK 302-3M adhesive epoxy print thicknesses, 
respectively. As shown, the two epoxies have a degree of overlap in measured thickness. 
However, the EPO-TEK 302-3M adhesive epoxy had an average thickness of 4.274 µm and 
produced thicker final prints than the EPO-TEK H20E-PFC conductive epoxy, which had an 
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average thickness of 1.871µm. The difference in print thickness was potentially caused by the 
greater thickness of the spin coated inkpad, as well as the epoxy’s comparably lower viscosity. 
As a result, these two factors allowed the stamp to pick up more ink and to create a thicker print 
without sacrificing its uniformity. Within the sets of prints for each adhesive, the discrepancy 
may be a result of the use of different ink pads, or the variation in wait time between the 
fabrication of the ink pad and the inking process. 
 
Figure	3-38:	Thickness	of	EPO-TEK	H20E-PFC	Prints	
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Figure	3-39:	Thickness	of	EPO-TEK	302-3M	Prints	
3.7 Gluing of the Stamped Product 
Once the inking and stamping processes were optimized, a final set of stampings were 
produced. A series of mechanical tests were conducted to determine the effectiveness of the 
adhesives. To perform the test, a glass die was first glued to one of the square patterns on the 
final print, as shown in Figure 3-40. This was accomplished by using tweezers to place a glass 
die on a single frame of each print. The print was then hardened through the curing processes 
defined in Section 3.6.1. 
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Figure	3-40:	Glass	Die	Glued	to	Final	Print	
The glued die allowed for mechanical tests to be performed to determine the shear 
strength of the final prints. In order for the tests to be optimal, the glass die needed to be 
precisely placed on its frame. The process of gluing the die was difficult since the squares did not 
stick until fully cured, and would slide across the substrate during transferring, as shown in 
Figure 3-41. 
 
Figure	3-41:	Glued	Die	After	Curing	
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3.7.1 Shear Testing Calibration 
Mechanical testing was conducted once a desirable thickness for the printed structure was 
achieved. Since the thickness of the inkpad was between 8.8 µm and 11.8 µm for spin coating 
and 2.5 µm and 3.5 µm for doctor blading, the final print thickness should be within the range of 
its respective ink pad. Samples were put through a shear testing procedure to determine the 
strength of the hardened epoxy. Before testing, an additional glass substrate was fixed to an 
individual printed frame and the epoxy was cured. For use on the shear tester, only the glass 
substrate can be glued and tested due to the smaller geometry of the PMMA substrates. When 
mounted to the tool, the shear tester isn’t able to fully impact the die on the PMMA until 
interference occurs with another component of the tool. 
The shear testing equipment was calibrated using a series of weight measurements. The 
shear tester uses a piezo sensor to measure a change in voltage, which can then be converted into 
a measurement of applied force. To determine the conversion rate, a series of weights were 
strung so that they applied a linear force to the arm which would measure the shear strength of 
the epoxies, as shown in Figure 3-42. 
 
Figure	3-42:	Shear	Testing	Machine	
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The calibration procedure is as follows in Table 3-29: 
Table 3-29: Calibration Procedure 
 
The calibration data for each of the testing trials can be seen in Appendix N. For the 
initial shear test trial, the calibration data provided the below conversion function, where V1 is 
the measured voltage (in mV) and F1 is the calculated shear force: 
 
For the second shear test trial, the calibration data provided conversion function below, where 
V2 is the measured voltage (in mV) and F2 is the calculated shear force: 
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3.7.2 Shear Testing Results 
 
The Procedure for shear testing is shown in Table 3-30. After calibration, the shear test 
data, as seen in Table 3-31, was collected for a sample of prints for each epoxy on a glass 
substrate. 
Table 3-30: Shear Test Procedure 
 
The initial tests were performed on Prints 1.3D, 1.3E, and 1.4C, and the second shear test 
trial included the remaining prints. While data was collected for the EPO-TEK H20E-PFC 
conductive epoxy, the primary focus of this test was placed on the EPO-TEK 302-3M adhesive 
epoxy for its potential use in future optical applications. 
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Table 3-31: Shear Test Data of Final Prints Using Both Calibration Functions 
EPO-TEK H20E-PFC (Conductive) EPO-TEK 302-3M (Adhesive) 
Print 
Number 
Measured 
Voltage (mV) 
Calculated Shear 
Load (g) 
Print 
Number 
Measured 
Voltage (mV) 
Calculated Shear 
Load (g) 
1.3I -62.500 673.509 1.3D -11.250 -9.752 
1.2D -26.250 471.897 1.3E 6.250 -108.288 
      1.4C -140.625 718.711 
      1.3O 17.500 228.571 
      1.3N -198.125 1427.820 
      1.2I -45.000 576.179 
      1.4F 17.500 228.571 
      1.2J 8.125 280.712 
  Average: 572.703   Average: 417.816 
  Std. Dev: 142.561   Std. Dev: 490.736 
 
 As seen in Table 3-31, the shear test data of the EPO-TEK 302-3M adhesive epoxy has a 
high standard deviation, as well as negative values. These signs, paired with the variation 
between the y-intercepts in the functions shown prior in Section 3.7.1, indicate a “drift” in the 
measurements taken by the oscilloscope in the original calibration. To account for this, all of the 
data was calculated using only the second calibration function. 
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Table 3-32: Shear Test Data of Final Prints Using Second Calibration Function 
EPO-TEK H20E-PFC (Conductive) EPO-TEK 302-3M (Adhesive) 
Print 
Number 
Measured 
Voltage (mV) 
Calculated Shear 
Load (g) 
Print 
Number 
Measured 
Voltage (mV) 
Calculated Shear 
Load (g) 
1.3I -62.500 673.509 1.3D -11.250 388.471 
1.2D -26.250 471.897 1.3E 6.250 291.141 
      1.4C -140.625 1108.020 
      1.3O 17.500 228.571 
      1.3N -198.125 1427.820 
      1.2I -45.000 576.179 
      1.4F 17.500 228.571 
      1.2J 8.125 280.712 
  Average: 572.703   Average: 566.186 
  Std. Dev: 142.561   Std. Dev: 455.568 
  
         As seen in Table 3-32, the shear test data of the EPO-TEK 302-3M adhesive epoxy has a 
high standard deviation. This points to either an inconsistency in the gluing process or to an 
inconsistency in the printing process. The gluing process may affect the shear strength, as the 
gluing is done by hand and the samples are then moved to a different room for the curing 
process. During the application process and in transfer, there is a possibility of the dice shifting 
so that they are no longer in the correct position on the frame. In addition, inconsistencies in the 
final prints could also cause a high degree of variance in the measured shear strengths. If there is 
low uniformity in the glued frame, or an irregular thickness compared to other samples, the shear 
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strength could measure higher or lower than in other tests. As seen in the epoxy property tables 
in Appendix A, the die shear strength value for each epoxy at 23°C are as follows: 
EPO-TEK H20E-PFC: ≥ 5 kg / 1,700 psi 
EPO-TEK 302-3M: ≥ 10 kg / 3,400 psi 
This indicates that the EPO-TEK 302-3M adhesive epoxy should have a higher shear strength 
than the EPO-TEK H20E-PFC conductive epoxy. 
3.7.3 Electrical Testing Procedure 
 In addition to mechanical and optical evaluation, the EPO-TEK H20E-PFC conductive 
epoxy required electrical testing for the characterization. This process was conducted through the 
use of a voltage generator and a multi-meter. By sending an electrical current through two 
opposing corners of the frame, as seen in Figure 3-43, a parallel circuit was created. In 
combination with a multi-meter, this provided a resistivity of the stamp frames. 
  
Figure	3-43:	Parallel	Circuit	with	Print	Frame	
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 The procedure used is as follows, shown in Table 3-33: 
Table 3-33: Electrical Testing Procedure 
 
3.7.4 Electrical Testing Results 
 The electrical test procedure yielded the results as seen in Table 3-34.  
Table 3-34: Electrical Test Data for EPO-TEK H20E-PFC 
Conductive (EPO-TEK H20E-PFC) 
Print Number Measured Surface Resistance (MΩ) 
1.3C 8.5 
1.3F 0.11 
1.2A 5.3 
1.2D 67.3 
1.3G 12.7 
1.2B 6.1 
Average: 16.7 
Std. Dev: 25.1 
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 From the measured surface resistance and the measured thickness of the stamps, as 
shown in Section 3.6.4, the resistivity of the sample frames could be calculated. The following 
equation demonstrates the relationship between these measurements and the calculated 
resistivity: ⍴	 = 	𝑅𝑠	 ∗ 	𝑑	
where ⍴  is the calculated resistivity, Rs is the measured surface resistance and d is the print 
thickness 
Table 3-35: Electrical Test Data for EPO-TEK H20E-PFC 
Conductive (EPO-TEK H20E-PFC) 
Print Number Print Thickness (cm) Calculated Resistivity (Ω-cm) 
1.3C 0.0003373 2867.05 
1.3F 0.0003502 38.52 
1.2A N/A N/A 
1.2D 0.0001074 7228.02 
1.3G 0.0004574 5808.98 
1.2B 0.0000784 478.24 
Average: 0.0002661 3284.16 
Std. Dev: 0.0001652 3182.38 
 
The resulting calculated resistivities can be seen in Table 3-35. According to the EPO-
TEK H20E-PFC conductive epoxy data sheet, as seen in Appendix A, the specified resistivity at 
23°C is as follows: 
Volume Resistivity: ≤ 0.0004 Ω-cm 
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When compared to the calculated values, it can be seen that the conductivity of the EPO-TEK 
H20E-PFC conductive epoxy is much lower after printing than would be expected. This may be 
a result of the low thickness of the prints, as well as possible interruptions in the continuity of 
each print. Both of these factors could be solved in future printing trials and optimization. 
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4.0 Reproducible Procedures for a Variety of Substrate and Ink 
Combinations 
 This objective was accomplished through a formal record of the procedures to deliver a 
stamped product which met the benchmark mechanical, optical, and electrical criteria. By 
following a thorough optimization and verification process, as stated in the prior methodology, 
written procedure was developed for each of the substrate and ink combinations tested. 
 
Figure	4-1:	Flowchart	of	Deliverable		
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4.1 Procedure Combinations 
Procedures for the following combinations are outlined below: 
1. Non-conductive epoxy on PMMA substrate 
2. Conductive epoxy on PMMA substrate 
3. Non-conductive epoxy on glass substrate 
4. Conductive epoxy on glass substrate 
4.2 Initial Procedure Steps 
In each procedure provided, master preparation, stamp fabrication, and stamp 
functionalization will occur. These steps are as follows in Table 4-1: 
Table 4-1: Initial Procedure Steps 
1. Master 
Fabrication 
A pre-fabricated master is given and used to fabricate the stamp 
2. Stamp 
Fabrication 
Prepare PDMS 
● Mix PDMS (Sylgard 184) with a 10:1 (resin: hardener) in the speed mixer for 
30 s at 1000 rpm and 120 s at 2000 rpm 
● Fill syringes with 3-4 ml of PDMS with the black tip 
● Store syringes in the freezer overnight 
Mold-Tool Treatment 
● Clean the aluminum housing of the master first with acetone and then 
isopropanol to remove dirt on the surface 
Silanization of the Mold-Tool 
● Place the mold tool in a desiccator for 30 min at 0.2 bar with two drops of 
(Tridecafluoro-1,1,2,2-tetrahydroctyl) tricholorosilane 97% 
Molding Process 
● Close the mold-tool, and gently tighten the screws 
● Mount the red tip on the syringe (filled with PDMS) and push excessive air out 
of the syringe 
● Insert the syringe into the mold-tool and slowly inject PDMS until full 
Curing Process 
● Leave the syringe in the tool during polymerization 
● Place the master with the attached syringe in the oven for 12 h @ 60 C 
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Mold Removal 
● Remove the mold and let cool to room temperature 
● Once cooled. remove the stamp from the mold-tool 
● Place the stamp onto a microscope slide and store in a dry, clean place 
● Fabricate stamps until the lateral dimensions of the pattern are comparable to 
the master 
3. Stamp 
Functionalization 
Oxygen Plasma Treatment in Barrel Asher 
● Perform Recipe 1: Cleaning 
○ The specifications of this treatment include an oxygen flow of 300 
sccm, power of 1000 W, and a time duration of 300 seconds.  
● Perform Recipe 6: Surface Activation 
○ The specifications of this treatment include an oxygen flow of 50 
sccm, power of 1000 W, and a time duration of 20 seconds.  
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4.3 Procedure One: PMMA and EPO-TEK 302-3M  
Table 4-2: Procedure One 
Time Constraints  Stamp: 
● Use the stamp for printing within 80 min of functionalization 
Epoxy: 
● Spin coat the epoxy within 15 min of mixing 
● Print with the epoxy within 60 min of mixing 
Surface Preparation Silicon Wafer Cleaning: 
● Place silicon wafer into glass container filled with acetone 
● Place glass container into a sonicator and wait for 10 min 
● Remove silicon wafer from the container and clean with isopropanol   
● Dry the silicon wafer with nitrogen 
● Place silicon wafer onto hot plate at 100 °C for 3 min    
Ink Pad Creation Steps to Create Ink Pad: 
● Speed Mixer: Program 1 
● Spin Coat Settings: Program 4 
Stamp Inking LabVIEW Settings: 
● Distance: 24.55mm 
● Force: 0.4 N, Time: 20 s 
Stamp Printing LabVIEW Settings: 
● Distance: 23mm 
● Step1: Force: 0.2 N, Time: 20 s 
● Step2: Force: 0.1 N, Time: 20 s 
Stamp Cleaning Steps to Clean Stamp: 
● Spray ethanol on the stamp 
● Use nitrogen gas to dry the stamp 
Adhesive Curing Two Options for Curing: 
Room Temperature  
● Time: overnight  
Oven: 
● Temperature: 65°C  
● Time: 3 hours  
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4.4 Procedure Two: PMMA and EPO-TEK H20E-PFC 
Table 4-3: Procedure Two 
Time Constraints  Stamp: 
● Print with the stamp within 80 min of Functionalization 
Epoxy: 
● Print with the epoxy within 3 days of mixing 
Surface Preparation Glass Plate Cleaning: 
● Clean glass surface with acetone and isopropanol  
Prepare Ink Pad  Speed Mixer:  
● Program 2  
Doctor Blade Settings: 
● Set micrometer screw to 18 m 
● Apply 2 - 2.5 mL of EPO-TEK H20E-PFC to substrate surface at the 
width of the desired ink pad 
Ink Stamp LabVIEW Settings:  
● Distance: 23 mm 
● Force: 0.85 N, Time: 20 s 
Print with Stamp LabVIEW Settings: 
● Distance: 23mm 
● Step 1: Force: 0.85 N, Time: 20 s 
● Step 2: Force: 0.65 N, Time: 20 s 
Clean Stamp  Steps to Clean Stamp 
● Spray ethanol on the stamp  
● Clean the stamp with tissue 
● Put the stamp into the sonication for one minute 
● Dry the stamp with nitrogen gas  
Adhesive Curing  
 
Oven: 
● Temperature: 80°C 
● Time: 3 hours 
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4.5 Procedure Three: Glass and EPO-TEK 302-3M 
Table 4-4: Procedure Three 
Time Constraints  Stamp: 
● Print with the stamp within 80 min of functionalization 
Epoxy: 
● Spin coat with the epoxy within 15 min of mixing 
● Print with the epoxy within 60 min of mixing 
Surface Preparation Glass Substrate Cleaning: 
● Clean the substrate by sonication in water with soap for 10 minutes at 100% 
power 
● Dip the substrate in HNO3 at 20°C for 5 minutes 
● Rinse the substrate with water 
● Dip the substrate in HNO3 at 100°C for 5 minutes 
● Rinse the substrate with water 
● Use nitrogen and spin dryer to remove water from the surface 
● Put glass substrate into the container  
Silicon Wafer Cleaning: 
● Place silicon wafer into glass container filled with acetone 
● Place glass container into a sonicator and wait for 10 min 
● Remove silicon wafer from the container and clean with isopropanol   
● Dry the silicon wafer with nitrogen 
● Place silicon wafer onto hot plate at 100 °C for 3 min    
Prepare Ink Pad Speed Mixer:  
● Program 1 
Spin Coat Settings:  
● Program 4 
Ink Stamp LabVIEW Settings:  
● Force: 0.4 N, Time: 20 s,  
● Distance for silicon wafer: 23 mm  
Print with Stamp LabVIEW Settings: 
● Distance: 24.55mm 
● Step 1: Force: 0.2 N, Time: 20 s 
● Step 2: Force: 0.1 N, Time: 20 s 
Clean Stamp  Steps to Clean Stamp 
● Spray ethanol on the stamp 
● Use nitrogen gas to dry the stamp 
Adhesive Curing Room Temperature  
● Time: Overnight  
or 
Oven: 
● Temperature: 65°C  
● Time: 3 hours  
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4.6 Procedure Four: Glass and EPO-TEK H20E-PFC 
Table 4-5: Procedure Four 
Time Constraints  Stamp: 
● Print with stamp within 80 min of functionalization  
Epoxy: 
● Print with epoxy within 3 days of mixing 
Surface Preparation Glass Substrate Cleaning: 
● Clean the substrate by sonication in water with soap for 10 minutes at 
100% power 
● Dip the substrate in HNO3 at 20°C for 5 minutes 
● Rinse the substrate with water 
● Dip the substrate in HNO3 at 100°C for 5 minutes 
● Rinse the substrate with water 
● Use nitrogen and spin dryer to remove water from the surface 
● Put glass substrate into the container  
Glass Plate Cleaning: 
● Clean glass surface with acetone and isopropanol  
Prepare Ink Pad Speed Mixer:  
● Program 2  
Doctor Blade Settings: 
● Set micrometer screw to 18 m 
● Apply 2 - 2.5 mL of EPO-TEK H20E-PFC to substrate surface at the 
width of the desired ink pad 
Ink Stamp LabVIEW Settings: 
● Distance: 23 mm 
● Force: 0.85 N, Time: 20s 
Print with Stamp LabVIEW Settings: 
● Distance: 24.55mm 
● Step 1: Force: 0.65 N, Time: 20 s 
● Step 2: Force: 0.45 N, Time: 20 s 
Clean Stamp  Steps to Clean Stamp 
● Spray ethanol on the stamp  
● Clean the stamp with tissue 
● Put the stamp into the sonication for one minute 
● Dry the stamp with nitrogen gas  
Adhesive Curing 
 
Oven: 
● Temperature: 120°C 
● Time: 15 minutes 
or 
● Temperature: 80°C 
● Time: 3 hours 
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5.0 Future Recommendations 
 Due to the limited time constraint of this project, the microcontact printing process of 
adhesives could not be fully refined. As such, the team has created a set of recommendations for 
future improvements. Some of these refinements are specific to the different steps of the process, 
and primarily include more trials and research. Other refinements include alterations or additions 
to some of the tools that were used during the process. 
5.1 Variable Isolation 
 Multiple variables needed to be controlled in the process, and made it difficult to produce 
a repeatable process. As a result, the final thickness measurements of the adhesive were not 
comparable to the other parameters used in the process. One variable should be isolated at a time 
to aid in optimization and provide better results. 
5.2 Microscope Slide and Stamp Adhesion 
The microscope slide and stamp can be glued together to avoid the PDMS stamp from 
falling off of the microscope slide during printing and inking. The occurrence of this situation 
was rare but can help reduce any additional error during the process. In addition to this 
complication, gluing of the slide and the stamp can also aid in preventing any residual ethanol, 
ink, or air from being trapped between the slide and the stamp. 
5.3 Master Reproducibility  
An alternative mold tool can help to avoid damaging the master during substitution. 
When changing masters, PDMS can become trapped around the master, making it difficult to 
remove the master without damage. There is a high possibility of damaging the mold each time 
the master is removed. In addition, the mold tools are only useful when one master is being used 
and does not need to be changed.  
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5.4 Consistency in the Inking Process 
Since the thicknesses of the PMMA substrate, glass substrate, and silicon wafer are not 
equal, multiple approach distances have to be used during the inking and printing processes. This 
requires the approach distance to be altered each time after inking. As a result, the rate of 
production is lowered. This problem can be avoided by maintaining a consistent thickness 
between each of the substrates used in the inking and printing processes.    
5.5 Hardware Additions to the NTB Printing Tool 
In order to better control the angle of applied force between the stamp and the surface of 
the substrate, three lasers can be attached to the stamp holder and a mirror can be attached to the 
substrate platform. When the stamp and substrate are parallel, the lasers will reflect back to their 
respective points of origin. When they are not aligned, the lasers will reflect back at an angle. 
This can be seen in Figure 5-1. 
 
 
Figure	5-1:	Laser	Alignment	System	
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6.0 Appendices 
Appendix A: EPO-TEK Epoxy Data Sheets 
EPO-TEK 302-3M 
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EPO-TEK H20E-PFC 
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Appendix B: Master Fabrication 
 
# Description 
 Ordyl Alpha 850: negative dry resist with 50 µm thickness 
1.  
Cleaning / Dehydration: 
 Cleaning: 5 min in HNO3 20°C, rinse in H2O, 5 min in HNO3 100°C, rinse in H2O 
 30 min @ 200 °C in oven 
2.  
Lamination: 
Parameter: Temperature: 105 – 125 °C 
 Pressure: 2 – 3 kg/cm2 
 Feed rate: 1 -2 m/min 
3.  
Dwell time: 
 Min. 30 min, max. 5 days 
4.  
Exposure: 
Do not remove protection foil! 
 
Parameter: Proximity: 5 µm 
  Dose, Constant Energy: 50 mJ/cm2 (Cr-Mask) 100 mJ/cm2 (Foilmask) 
5.  
Dwell time: 
 Min. 10 min, max. 3 days 
6.  
Develop: 
  Remove protection foil 
  Developer:  1% Na2CO3-Solution 
  Time: ca. 2 - 3 min 
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Appendix C: Speed Mixer Programs  
 
Program # Step # RPM Vacuum (kPa) Time (s) 
1 
1 1000 96.6 30 
2 2000 96.6 60 
3 2000 30 60 
2 
1 600 96.6 30 
2 1250 96.6 60 
3 2000 96.6 60 
4 2000 96.6 20 
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Appendix D: Contact Angle of PMMA  
 
 Test # Theta(L) [deg] Theta(R) [deg] Theta(M) [deg] 
PMMA before functionalization 
1 75.3 74 74.6 ± 0.65 
2 68.1 69.4 68.7 ± 0.62 
3 71.8 72.8 72.3 ± 0.48 
Average: 71.7 ± 3.58 72.0 ± 2.39 71.9 ± 2.96 
PMMA one week after 
functionalization 
1 68.8 68 68.4 ± 0.43 
2 72.5 76.4 74.4 ± 1.97 
3 73.6 75.6 74.6 ± 1.01 
Average: 71.6 ± 2.49 73.3 ± 4.66 72.5 ± 3.53 
PMMA after 15 min of 
functionalization 
1 43.4 41.5 42.5 ± 0.93 
2 44.2 40 42.1 ± 2.15 
3 36.5 34.7 35.6 ± 0.91 
Average: 41.4 ± 4.26 38.7 ± 3.59 40.0 ± 3.88 
PMMA after 20 min of 
functionalization 
1 42.7 43 42.9 ± 0.15 
2 45.4 44.3 44.8 ± 0.56 
3 41.3 40.6 41.0 ± 0.31 
Average: 43.1 ± 2.10 42.6 ± 1.85 42.9 ± 1.94 
PMMA after 35 of functionalization 
1 44.7 48.8 46.7 ± 2.05 
2 46.8 42 44.4 ± 2.37 
3 48.8 50.2 49.5 ± 0.70 
Average: 46.7 ± 2.06 47.0 ± 4.37 46.9 ± 2.56 
PMMA after 45 min of 
functionalization 
1 63.8 64.5 64.1 ± 0.32 
2 64.1 73.3 68.7 ± 4.61 
3 51.9 60.8 56.3 ± 4.45 
Average: 59.9 ± 6.98 66.2 ± 6.43 63.0 ± 6.25 
PMMA after 1 hours of 1 70.1 64.2 67.1 ± 2.94 
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functionalization 2 71.7 81 76.4 ± 4.63 
3 77.8 68.4 73.1 ± 4.73 
Average: 73.2 ± 4.09 71.2 ± 8.76 72.2 ± 4.69 
PMMA after 1hrs 20 of 
functionalization 
1 66.4 66.4 66.4 
2 63.9 61.5 62.7 ± 1.20 
3 64.8 69.3 67.0 ± 2.27 
Average: 65.0 ± 1.28 65.8 ± 3.93 65.4 ± 2.33 
PMMA after 1 hrs 40 of 
functionalization 
1 67.4 75.1 71.2 ± 3.89 
2 66.9 63.2 65.0 ± 1.85 
3 67.2 72.5 69.9 ± 2.64 
Average: 67.1 ± 0.25 70.3 ± 6.29 68.7 ± 3.27 
PMMA after 120 min of 
functionalization 
1 65.7 70.2 67.9 ± 2.26 
2 66.4 71.5 69.0 ± 2.55 
3 66.7 67.4 67.1 ± 0.34 
Average: 66.3 ± 0.56 69.7 ± 2.11 68.0 ± 0.97 
PMMA after 3 hours of 
functionalization 
1 69.8 75.4 72.6 ± 2.79 
2 63 61.7 62.4 ± 0.62 
3 69.9 69.2 69.5 ± 0.34 
Average: 67.5 ± 3.95 68.8 ± 6.82 68.2 ± 5.24 
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Appendix E: Contact Angle of PDMS  
 
 Test # Theta(L) [deg] Theta(R) [deg] Theta(M) [deg] 
PDMS before functionalization 
1 116.4 113 114.7 ± 1.74 
2 110.8 113.4 112.1 ± 1.31 
3 112.7 105.9 109.3 ± 3.45 
Average: 113.3 ± 2.86 110.7 ± 4.25 112.0 ± 2.70 
PDMS after 15 min of functionalization 
1 45.8 42.2 44.0 ± 1.83 
2 37.1 35 36.1 ± 1.06 
3 39.4 37.3 38.3 ± 1.02 
Average: 40.8 ± 4.51 38.2 ± 3.65 39.5 ± 4.08 
PDMS after 30 of functionalization 
1 72.3 70 71.2 ± 1.12 
2 73.9 74.2 74.0 ± 0.15 
3 76.1 71.6 73.9 ± 2.25 
Average: 74.1 ± 1.94 72.0 ± 2.09 73.0 ± 1.62 
PDMS after 45 functionalization 
1 80.9 81 80.9 ± 0.07 
2 86.9 78.5 82.7 ± 4.19 
3 85.9 87.2 86.6 ± 0.65 
Average: 84.6 ± 3.25 82.3 ± 4.47 83.4 ± 2.88 
PDMS after 1 hr of functionalization 
1 86.8 85.5 86.2 ± 0.66 
2 92.8 88.8 90.8 ± 1.99 
3 82 87.8 84.9 ± 2.88 
Average: 87.2 ± 5.40 87.4 ± 1.69 87.3 ± 3.12 
PDMS after 1and half hour min of 
functionalization 
1 103 100.5 101.8 ± 1.27 
2 93.9 82.5 88.2 ± 5.69 
3 88.2 89.8 89.0 ± 0.83 
Average: 95.0 ± 7.50 90.9 ± 9.04 93.0 ± 7.61 
PDMS after 2 hours of functionalization 
1 109 104.2 106.6 ± 2.40 
2 101.4 102 101.7 ± 0.32 
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3 99.2 92.4 95.8 ± 3.41 
Average: 103.2 ± 5.13 99.5 ± 6.29 101.3 ± 5.41 
PDMS after two weeks of functionalization 
1 102.3 103.5 102.9 ± 0.61 
2 106.3 105.7 106.0 ± 0.30 
3 106.2 109 107.6 ± 1.38 
Average: 105.0 ± 2.30 106.1 ± 2.75 105.5 ± 2.39 
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Appendix F: Contact Angle of Glass  
 
 Test # Theta(L) [deg] Theta(R) [deg] Theta(M) [deg] 
Glass cleaned by standard process 
1 22 17.9 20.0 ± 2.04 
2 20.8 16.4 18.6 ± 2.23 
Average: 21.4 ± 0.83 17.1 ± 1.10 19.3 ± 0.96 
Glass cleaned by hand 
1 39 46 42.5 ± 3.50 
2 38.1 47.2 42.6 ± 4.53 
3 38.4 42.5 40.5 ± 2.07 
Average: 38.5 ± 0.48 45.3 ± 2.42 41.9 ± 1.23 
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Appendix G: Summary of Spin Coating Programs 
Program Step # RPM(*10) Acceleration Time (s) 
Self-Def 1 1 10 1 20 
Self-Def 2 1 10 1 40 
Self-Def 3 1 10 1 60 
 
Program # Step # RPM(*10) Acceleration Time (s) 
Self-Def 4 1 100 8 2 
Self-Def 5 
1 100 8 2 
2 50 1 10 
Self-Def 6 
1 100 8 8 
2 50 1 10 
Self-Def 7 
1 100 8 16 
2 50 1 10 
 
Program # Step # RPM(*10) Acceleration Time (s) 
Self-Def 7 
1 100 8 16 
2 50 1 10 
Self-Def 8 
1 70 8 16 
2 50 1 10 
Self-Def 9 
1 50 8 16 
2 50 1 10 
 
Program # Step # RPM(*10) Acceleration Time (s) 
4 
1 250 8 5 
2 800 6 20 
3 2000 8 90 
4 2000 8 90 
5 100 6 5 
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Appendix H: LabVIEW Program 
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Appendix I: LabVIEW Input Parameter Trials 
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Appendix J: White Light Interferometer Image Results (Conductive Epoxy 
Ink Pad) 
 
Micrometer Screw Value Top View 
15 µm 
 
17 µm 
 
20 µm 
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Appendix K: White Light Interferometer Image Results (Conductive Epoxy 
Prints) 
 
Print Number Top View Isometric View 
1.2B 
  
1.2E 
  
1.3F 
  
1.3G 
  
1.3B 
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1.3C 
  
1.3A 
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Appendix L: White Light Interferometer Image Results (Adhesive Epoxy 
Prints) 
 
Print Number Top View Isometric View 
1.3N 
 
 
1.4F 
 
 
1.2I 
 
 
1.3D 
  
1.3E 
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Appendix M: Lateral Dimensions of the Final Prints 
 
Conductive Epoxy 
Glass Substrate PMMA Substrate 
 
1.2 C 
 
1.2 E  
1.2 A 
 
1.2 F 
 
1.2 D 
 
1.2 B 
 
1.3 H 
 
1.3 I 
 
1.3 F 
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1.2 J 
 
1.3 K 
 
1.3 G 
Adhesive Epoxy 
Glass Substrate PMMA Substrate 
 
1. 2 L 
 
1.2 J 
 
1.4 E 
 
1.3 N 
 
1.3 O 
 
1.2 H 
 
1.3 P 
 
1.3 Q 
 
1.2 K 
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1.4 F  1.4 H 
 
1.3 M 
  
1.4 G 
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Appendix N: Mechanical Testing Calibration Data 
Trial One: 
 
Trial Two: 
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Appendix O: NTB Lab Equipment Images 
 
Barrel Asher 
 
Spin Coater 
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Curing Oven 
 
Optical Microscope 
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White Light Interferometer 
 
Shear Tester 
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Resistivity Tester 
 
 
  
124 
  
 
References 
Berni, A., Mennig, M., & Schmidt, H. (2004). Doctor blade. In Sol-Gel Technologies for Glass  
Producers and Users (pp. 89-92). Springer US. 
Blade coating. (n.d.). Retrieved August 26, 2016, from  
http://plasticphotovoltaics.org/lc/lc-fabrication/lc-coating/lc-blade.html  
Burgués-Ceballos, I., Stella, M., Lacharmoise, P., & Martínez-Ferrero, E. (2014). Towards         
industrialization of polymer solar cells: Material processing for upscaling. J. Mater.  
Chem. A, 2(42), 17711-17722. doi:10.1039/c4ta03780d  
Dam, H. (n.d.). Spin coating. Retrieved August 25, 2016, from  
http://plasticphotovoltaics.org/lc/lc-fabrication/lc-coating/lc-spin.html 
Edmund Optics Inc. (n.d.). Retrieved September 29, 2016, from  
http://www.edmundoptics.com/lab-production/adhesives/  
Epoxy Technology. (2015). EPO-TEK H20E-PFC. Retrieved August 22, 2016 from  
http://www.epotek.com/site/component/products/productdetail.html?cid%5B0%5D=92 
Förch, R., Schönherr, H., & Jenkins, A. T. (2009). Surface design: Applications in bioscience  
and nanotechnology. Weinheim: Wiley-VCH. 
Filmetrics, I. (n.d.). F20 Series. Retrieved September 16, 2016, from        
http://www.filmetrics.com/thicknessmeasurement/f20 
HARRICK PLASMA. (n.d.). Retrieved August 25, 2016, from  
http://harrickplasma.com/applications/surface-modification 
Krebs, F. C. (2009). Fabrication and processing of polymer solar cells: A review of printing and  
coating techniques. Solar Energy Materials and Solar Cells, 93(4), 394-412. 
doi:10.1016/j.solmat.2008.10.004  
Kruss. Contact angle. (n.d.). Retrieved August 25, 2016, from  
https://www.kruss.de/services/education-theory/glossary/contact-angle/  
Kishi, H., Tanaka, S., Nakashima, Y., & Saruwatari, T. (2016). Self-assembled three- 
dimensional structure of epoxy/polyethersulphone/silver adhesives with electrical 
conductivity. Polymer, 82, 93-99. doi:10.1016/j.polymer.2015.11.043 
Hösel, M. (n.d.). Blade coating. Retrieved August 25, 2016, from  
125 
  
http://plasticphotovoltaics.org/lc/lc-fabrication/lc-coating/lc-blade.html 
Maechler, M. (2016). NTB interstate University of Applied Sciences of Technology Buchs. 
Institute for Micro-and Nanotechnology Microcontact printing tool Retrieved August 18, 
2016 from www.ntb.ch 
Michel, B., Bernard, A., Bietsch, A., Delamarche, E., Geissler, M., Juncker, D., . . . Wolf, H.  
(2001). Printing meets lithography: Soft approaches to high-resolution patterning. IBM 
Journal of Research and Development IBM J. Res. & Dev., 45(5), 697-719. 
doi:10.1147/rd.455.0697 
Morsch, S., Lyon, S., Greensmith, P., Smith, S., & Gibbon, S. (2015). Water transport in an  
epoxy–phenolic coating. Progress in Organic Coatings, 78, 293-299. 
doi:10.1016/j.porgcoat.2014.08.006  
Norland Products. (2016) Norland Optical Adhesive 75. Retrieved August 23, 2016 from  
https://www.norlandprod.com/adhesives/NOA%2075.html 
Perl, A., Reinhoudt, D. N., & Huskens, J. (2009). Microcontact Printing: Limitations and  
Achievements. Adv. Mater. Advanced Materials, 21(22), 2257-2268.  
doi:10.1002/adma.200801864 
Pot Life, Working Life and Gel Time of Epoxies. (n.d.). Retrieved October 8, 2016, from  
http://www.epotek.com/site/files/Techtips/pdfs/techtips_26_7.pdf  
Ruiz, S. A., & Chen, C. S. (2007). Microcontact printing: A tool to pattern. Soft Matter, 3(2),  
168-177. doi:10.1039/b613349e  
Søndergaard, R., Hösel, M., Angmo, D., Larsen-Olsen, T. T., & Krebs, F. C. (2012). Roll-to-roll  
fabrication of polymer solar cells. Materials Today, 15(1-2), 36-49. doi:10.1016/s1369-
7021(12)70019-6 
Spin Coating: A Guide to Theory and Techniques. (n.d.). Retrieved August 25, 2016, from  
https://www.ossila.com/pages/spin-coating 
Summers optical. (2015). The Bonding of Optical Elements. Techniques and Troubleshooting.  
Retrieved September 22, 2016 from https://www.optical-
cement.com/cements/manual/manual.html 
Sigma-Aldrich. Retrieved September 24, 2016, from  
http://www.sigmaaldrich.com/materials-science/micro-and-nanoelectronics/lithography-n 
126 
  
anopatterning/tutorial.html 
 Telephone, B. (n.d.). Summers Optical: Optical Cements, Adhesives, and Supplies for Military  
and Commercial Applications. Retrieved September 29, 2016, from  
https://www.optical-cement.com/   
Uddin, M. A., Chan, H. P., Chow, C. K., & Chan, Y. C. (2004). Effect of spin coating on the  
curing rate of epoxy adhesive for the fabrication of a polymer optical waveguide. Journal 
of Electronic Materials Journal of Elec Materi, 33(3), 224-228. doi:10.1007/s11664-004-
0184-9  
Xia, Y., & Whitesides, G. M. (1998). Soft Lithography. Angewandte Chemie, 37, 550-575.  
doi:1433-7851/98/3705-0551 
